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MAGNETIC RECORDING TAPE MEDIA HAVING LOW ABRASIVITY 
AND RELIABLE MEDIA PERFORMANCE 

Ooss-Reference to Related A pplications 

The subject matter of this application is related to the subject matter of U.S. 
Provisional Patent Application No. 60/415,067, filed October 1, 2002, priority to 
which is claimed under 35 U.S.C. § 119(e) and is a continuation-in-part of U.S. 
Application Serial No. 10/263,373, filed October 1, 2002, the teachings of all of 
which are incorporated herein by reference. 



Background of the Invention 

The present invention relates to a magnetic recording media. More 
particularly, it relates to a coated magnetic recording media, such as a magnetic 
recording tape, including a magnetic coating exhibiting low abrasivity with reliable 
15 performance. 

Magnetic recording media, such as magnetic recording tapes, enjoy wide use 
and popularity. Such media has evolved to provide increased recording density or 
capacity per unit volume, reduced average surface roughness and surface roughness 
variability, reduced electromagnetic amplitude degradation caused by roughness and 
20 other factors, and increased reliability, as measured by e.g., read and write error rate 
increases over extended periods of use. 

In general terms, magnetic recording media generally comprise a magnetic 
coating formed onto at least one side of a non-magnetic substrate (e.g., a film for a 
magnetic recording tape application). With certain designs, the magnetic coating 
25 (or "front coating") is formed as a single layer. In an effort to reduce a thickness of 
this magnetic recording layer, a more recent approach is to form the front coating as 
a dual layer construction, including a support layer (or "lower layer") on the 
substrate and a reduced-thickness magnetic layer (or "upper layer") formed directly 
on the support or lower layer. With this construction, the lower layer is typically 
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non-magnetic or substantially non-magnetic, generally comprised of a non-magnetic 
powder and a binder. Conversely, the upper layer comprises a magnetic metal 
particle powder or pigment dispersed in a polymeric binder. Finally, with magnetic 
recording tape, a backside coating is applied to the other side of the non-magnetic 
5 substrate in order to improve the durability, conductivity, and tracking 

characteristics of the media. 

Linear Tape Open (LTO) technology seeks to provide open-format, high- 
performance tape storage products that enhance reliability and versatility in, for 
example, the network tape storage environment. LTO technology, being open- 
10 format, provides users with multiple sources of product and media, and enables 
compatibility between the offerings of different venders. The ULTRIUM format is 
a high-capacity implementation of LTO technology. Other technologies are well- 
established and known in the art, for example, the Digital Linear Tape Series 
formats including DLT4000, DLT7000, and DLT8000 (also known as DLT4, 
15 DLT7, and DLT8) drives and media. Detail technical descriptions of each of these 
format generations are available from, for example, the European Computer 
Manufacturers Association (ECMA) and the American National Standards Institute 
(ANSI). DLT magnetic tape cartridges and drives are available in many systems 
and provide tape back-up capabilities, for example. 
20 Regardless of the exact formatting requirements, the magnetic coating 

includes an abrasive additive. Media abrasivity is controlled by the selection of the 
type and amount of abrasive additive, as well as the processing conditions. 
Processing conditions include compounding the dispersion, coating and drying the 
dispersion, calendering the resultant magnetic recording medium and burnishing the 
25 same. The purpose of adding the abrasive material to the dispersion is that the 
abrasive material is needed to keep read/write heads clean. However, the abrasive 
material also leads to degradation of the read/write head over time. Thus, a balance 
exists between the desired head cleaning characteristics of the abrasive and the 
undesired head degradation that the abrasive causes. 
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Regardless of format, data reliability is a function of "spacing" signal 
amplitude between the read/write head and the magnetic recording medium dunng 
use (i e , degradation of playback signal strength). This spacing loss can be the 
result of excessive abrasivity, wherein the active elements of the read/write head are 
eroded away from the average media plane of travel. In effect, the point at winch 
the magnetic recording media's abrasivity causes read/write head erosion defines an 
upper abrasivity limit. Conversely, spacing loss can be due to insufficient 
abrasivity, which allows the build-up of debris on and around the active elements of 
the read/write head, forcing the media plane of travel away from the active 
elements The point at which the magnetic recording media's abrasivity allows for 
the accumulation of excessive debris effectively defines the lower abrasivity limit of 
the particular media/format. Notably, the evolution of magnetic recording media 
technology has required an increase in the available recording density. For 
example, the DLT4 format operates at a recording density of 55 kfci. This and other 
15 high-recording density formats are less tolerant to spacing loss (as dictated by the 
Wallace equation). Thus, as recording density increases for DLT and other high- 
recording density formats, the upper and lower recording medium abrasivity hunt, 
are typically forced to converge, reducing the functional margin between these 
limits. 

In light of the above, when developing the magnetic coating for a magnetic 
recording medium, manufacturers typically start with a formulation/processing 
technique that generates a high abrasivity level (i.e., above the expected upper 
abrasivity level). Through various testing, the formulation and/or processing 
technique(s) is altered so as to lower the abrasivity level to a point whereby 
25 potential erosion of the read/write head dunng use is within acceptable limits. In 
other words, the magnetic coating is modified so as to approximate the upper 
abrasivity limit. At this point, it is assumed that because the abrasivity level is well 
above the theoretical lower abrasivity limit, performance reliability (due to 
sufficient abrasivity) is not at issue. However, read/write head wear issues may 
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still arise. That is to say, even at or near the upper abrasivity limit, the so-formed 
magnetic recording medium may cause undesirable read/write head erosion dunng 
use Thus, a need exists for magnetic recording media having a magnetic coating 
abrasivity that more closely approximates the theoretical lower abrasivity limit 
5 while exhibiting performance reliability comparable to other, similarly-formatted 
products. 

Summary of the Invention 

One aspect of the present invention relates to a magnetic recording medium 
L0 including a non-magnetic substrate and a magnetic coating. The non-magnetic 
substrate defines a front side and a backside. The magnetic coating is formed over 
the front side and is characterized by an Abrasivity Index of not greater than 350 
microinches, alternatively in the range of 150 - 350 microinches. In one preferred 
embodiment, the magnetic coating includes a lower layer formed on the front side of 
15 the substrate, and an upper layer formed over the lower layer. In this regard, the 
upper layer includes a magnetic metal particle dispersed in a binder and otherwise 
provides the Abrasivity Index. In another embodiment, the magnetic recording 
medium is a DLT tape, such as DLT4, DLT5, or DLT6. 

20 Brief Descrip *™" nf the Drawings 

FIG. 1 is a cross-sectional view of a magnetic recording med.a in accordance 

with the present invention; and 

FIGS. 2A-9B are graphs illustrating performance reliability of the magnetic 
recording medium in accordance with the present invention as compared to more 
25 abrasive constructions. 

iwotw TWHntion of th » Purred Embodiments 

One exemplary embodiment of a magnetic recording medium 10 in 
accordance with the present invention is provided in FIG. 1. In a preferred 
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embodiment, .he magnetic recording medinm 10 is a magnetic reeordmg .ape 
adap.ed .0 satisfy ECMA DLT4 standards. Alternatively, however, .he present 
invention includes other types of magnetic recording medrum formats such as other 
DLT formats, LTO format, magnetic dtsks, ere. With this in mind, the magneuc 
5 recording medium 10 includes a non-magnetic substrate 12, a backcoa, 14, and a 
magnetic front coating 16. With .he one embodiment of FIG. 1, the magnetic from 
coating 16 includes a lower support layer 18 and a magnetic upper layer 20. The 
various components are described in greater derail below. In general terms, 
however, the magnetic front coating 16, and in particular .he magnetic upper layer 
10 20 with the one exemplary embodiment of FIG. 1, is charactenzed by an Abrastvrty 
Index of no. greater than 350 microinches, more preferably in the range of 150 - 
350 microtnehes, and even more preferably no. greater than 300 microinches, 
preferably in conjunction with a DLT-compalible format. 
Substrate 

15 The substrate 12 can be any conventional, non-magnetic substrate useful as a 

magnetic recording medium support. Exemplary substrate materials useful for 
magnetic recording tapes include polyesters, such as polyethylene tereph.halate, 
polyethylene naphrhalate, a mixture of polyethylene terephthalate and polyethylene 
naph.ha.ate; polyolefins (e.g., polypropylene); cellule derivatives; po.yam.des; 

20 and polyimides. Preferably, polyethylene terephthalate (PET) is employed. 
13 a.ckco a.t 

Th e backcoat 14 is generally of a type conventionally employed, and thus 
primarily consists of a soft (i.e„ Moh's hardness of less than 5) non-magne.,c 
particle material, such as carbon black or silicon dioxide particles. In one preferred 
25 embodiment, the backcoa. layer 14 comprises a combination of two kinds of carbon 
blacks, including a pnmary, small carbon black component and a secondary, large 
texture carbon black component, in combination with appropriate b.nder reams. 
The pnmary, small carbon component has an average particle size on .he order 10 - 
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25 nm, whereas the secondary, ,arge carbon componen, preferab.y has an average 
particle size on the order of 50 - 300 nm. 

As is krrown in the art, backcoat pigment dispersed as inks with approprrate 
binders, surfactant, ancfflary particles, and solvents, am typ.cally purchased front a 
designated snpp.ie, In a preferred enrolment, the backcoa, 14 binder Modes a, 
.east one of a polynrethane, pheno.y resin, and nitrocellulose added in an amount 
appropriate to modify coating stiffness as desired. 
Ma gnetic Fr ont Coating 

I„ a preferred embodiment, and as previously described, the magnetic front 
, coaring 16 is preferab.y a dual layer configuration, and ine.ndes the lower support 
iayer 18 and the upper layer 20. With this in mind, the lower support layer 
incudes, in one embodiment, a primary powder matenal coared with an 
e,ectrocondnc,ive materia, and a conductive carton black materta, dispersed m a 
binder system, whereas the upper layer 20 includes a magneuc metal part.de 
5 powder or pigment dispersed in a binder. As used throughout the specification, the 
terms -pigment" and "powder" are used interchangeably. 
Lower Layer 

The lower layer 18 is preferably essentially non-magnetic and meludea a 
non-magnetic or soft magnetic (having a coercivity of less than 300 Oe) powder and 
,0 a resin binder. By preferably forming .be lower layer 18 to be essentially non- 
magnetic, the electromagnetic characteristics of the upper magnetic layer are no. 
adversely affected. However, if i. does no. give any adverse effect, the lower layer 
18 may contam a small amount of a magnetic powder. In general, and as descnbed 
in greater detail below, the lower layer 18 preferably further includes an abrasrve (or 
25 head cleaning agent) as part of the pigment and lubricants. 

In one embodiment, the pigment or powder incorporated in the lower layer 
18 includes a primary p.gment material and conduce carbon black. The prtmary 
pigment material can consrs. of particles having a coercivity of less than 300 Oe 
coated with an elec.roconduc.ive materia,. In one embodiment, .he primary lower 
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layer pigment material is a carbon-coated hematite material (a-iron ox.de). 
Alternatively, other conventional non-magnetic particles such as titanium diox.de, 
titanium monox.de, alumina, tin ox.de, titanium carbide, silicon carbide, s.hcon 
dioxide, silicon nitride, boron nitride, etc., can be provided in a form coated with 
carbon, tin, or other electroconductive matenal and employed as the primary lower 
layer pigment. Further, the non-magnetic particles in the lower layer pigment need 
not be coated with an electroconductive material or any other coating. The average 
particle s.ze of the primary lower layer pigment represents a compromise between 
two competing considerations. If the average particle s.ze is too large, the surface 
smoothness of the lower layer 18 deteriorates, and a surface roughness of the upper 
layer 20 is unacceptable. Conversely, when the average particle s.ze is too small, 
the dis P ers.b.lity or d.spersion stability of the primary pigment decreases, and the 
surface smoothness of the lower layer 18 deteriorates. 

The conductive carbon black material is preferably of a conventional type 
available from known commerc.al sources. In one embod.ment, the conductive 
carbon black material has an average particle size of less than 20 nm, more 

preferably about 15 nm. 

In one embodiment, the conductive carbon black is added in amounts of 1 to 
5 parts by weight, more preferably 1.5 to 3.5 parts by weight, based on 100 parts by 
weight of the primary lower layer powder. The total amount of conductive carbon 
black and electroconductive coating material in the lower layer is preferably 
sufficient to provide a resistivity at or below 1 x 10 8 ohm/cm 2 . Alternatively, other 
weight ratios can be employed and again, other material® useful as the lower layer 
18 P .gment can be employed. The lower layer 18 can optionally include add.t.onal 
pigment components such as an abrasive or head-cleaning agent (HCA). One 
preferred HCA component is aluminum oxide. Further, other abrasive part.cles 
such as silica, Zr0 2 Cr 2 0 3 , etc., are also acceptable. 

The binder system or resin associated with the lower layer 18 preferably 
incorporates conventional binder resins, such as a thermoplastic resin, in 
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junction with other resin component such as binders and — used 
disperse the HCA, a surfactant (or we«in g agent), and one or more hardeners, n 
embodiment, ,he hinder system of .he lower layer 18 ineludes a —on of 

„lde po.yea.er-po.yuremane. polycarhonare-po.yare.hane, po.ye . 
rt-JU*— - polycaprolacone-polynre-hane. Other a^hle 
I ochloride resins such as v,ny, chloride-viny. acetate copolymer, vmy, h>o„<^ 
vi „ y , acerare-viny, alcohol copolymers, and vinyl cUoride-vmy. ****** 
anhydro d,de can also be emp l0 yed with me pnmar, polyurefhane bmde, Forth r, 
lIsucbasbis-pheny.-A-epoxy.s^e.acyr^ 

bC "Ce embodimen., .he primary polyurethane hinder is ,nc„rpora.ed in.o .he 
,ower ,ayer 18 in an amoun. of 4 .o .0 parts by weigh, and preferably 6 ,0 8 parts 
by weigh., based on ,00 paris by wergh. of .he electroconducrive pnmary ower 
5 i pigment. In a one embomment, the viny, ch.onde binder is ~ 
tn lower ,ayer 18 in an amount of 7 ,0 15 paris by weight, and preferably ,0 ro 1 

Alternatively, other weight ratios can be employed. 

,0 disperse the selected HCA material, such as a polyurethane paste hinder (tn 
>0 disperse me Alternatively, other HCA binders 

conjunction with a pre-dispersed or paste HCA). Attentat, y, 
compatible with the se.ected HCA for™, (e.g., powder HCA) are ac^abl. 

The binder system furiher pteferably inciudes a conventtonal surfact . or 
wetting agent Known surfactants, such as phenylphosphonic acid (PPA), 4- 
25 JJL acid, and vanoua other adducts of suifuric, suifontc, phosphonc, 
phosphonic, and carboxylic acids are acceptable. 

The binder system further pmferahiy contains a hardenmg agent such as 
lso cyana,e or po,y,ocyana,e. .n one embodiment, the hardener componen , ,s 
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preferably 3 to 4 pans by weigh,, baaed on 100 parts by weight of .he primary iower 
layer pigment. Alternatively, other weight ratios can be employed. 

The lower layer 18 can further contain one or more lobricant such as a fatty 
acid and/or a fatty ester. The incorporated lubricant(s) exist throughout ft. front 
5 coating .6 and at the surface of the upper layer 20. The lubricant teduces fnctton 

Thus the lubncanr(s) provided in both the upper and lower layers 18, 20, are 
preferably selected and formulated in combination. In one embedment, the lower 
layer ,8 incorporates stearic acid that is a. least 90% pure as a fatty actd. 
0 Alternatively, other acceptable fatty acda include mynsdc acid, palmitic acid, olete 
acid etc , and their mixture, The lower layer 18 formulatton can further opttonally 
.nclude a fatty acid ester such as buty, stearate, isopropy, stearate, butyl oleate, butyl 
palmitate, butylmyrisrate, hexadecyl steamte, o,ey. oleate, etc., and their mtx.ure. 
The fatty acids and fatty acid esters may be employed singly or in combination, and 
15 are not limited to at least 90% purity grades. 

As descnbed in greater detail below, the lower layer 18 is coated to the 
substrate 12 so that the lower layer 18 is imttal.y prepared as a coaring matena. that 
Modes the above-described components and a solvent. With this in mind, the 
solvent associated with the lower layer coating materia preferably includes 5 - 50% 
20 cyclohexanone (CHO), 30 - 90* methyl ethyl ketone (MEK), and 5 - 90% toluene 
(TO,) more preferably 5 - 40% CHO, 30-70% MEK, and 10-60% To,. 
Alternatively, other ratios can be employed. Even further, other acceptable solvents 
or solvent combinations include, for example xylene, tetrahydrofuran, and methyl 
amyl ketone, are acceptable. 
25 TTp per Layer 

As ptevtously described, the upper layer 20 generally consists of a magttettc 
metal particle ptgmen, or powder dtspersed in an appropriate binder or ream system, 
and can further contam other components such as a lubricant. Regardless, the upper 
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lay er 20 is configured to provide, Mowing appropriate processing, an Abras,v„y 
Index in rhe range of not greater rhan 350 micromches, as descnbed below. 

The magnettc meu.1 particle pigment in one embodimen. consists of a 
pnmary magnetic metal parricie prgmen. in conjunction with a large, sof. parucle 
powder <i.e., having a Mob's hardness of less .han 5 and an average panicle sue of 
5 - 100 nm, for example large parucle carbon black), along with other addiuves 
such as an abrasive (HCA). Alternatively, the large, sof. particle powder 

component can be eliminated. 

In one embodiment, the upper layer 20 is comprised predominantly of 
parde.es composed of a. leas, 80% elemental iron, .he compo,.e par.ic.es havmg a 
coercivrty of a. leas, 1600 Oe, alternatively be,ween ,600 - 2500 Oe, al,ema,ive y 
of a, leas, 1900 Oe, as measured by Vibrating Sample Magnetometer ("VSM ) at 13 
k0 e Oprionally, ,he primary magnetic metal panicle pigmen, is preferably a 
ferromagnetic powder, including for example, magnetic iron oxide (g-FeO,) and Co- 
containing (coa.ed or modified) g-FeO, (* = 1.33 - 1.50), ferromagnetic powder a- 
Fe alloys of iron with Co or Mi, em. In order to improve performance 
characeristics, rhe preferred ferromagnetic powder optionally contains vanous 
adddives, such as semi-mera, or non-metal elements and ,he,r salts or ox.des, such 
as Al Co, Y, Ca, Mg, Mn, Na, etc. The selecred ferromagnetic powder may be 
n.ared with various auxi.rary agen,s before ,, is dispersed in rhe binder system, 
resulting in tire primary magnetic metal particle pigment. 

The upper layer pigmen, further includes an abrasive or head cleaning agen, 
(HCA) component One preferred HCA component is aluminum ox,de. 
Alternatively, orher abrasive particles such as silica, ZrO„ Cr 2 0„ etc can he 
, employed. Regaadless, the type and amoun. of rhe HCA in the upoer layer 20 
p lgm en. is selecred, optionally in combination with processing parameters, such rha 
a, resul.au, media .0 is charac.erized by an Abras.vi.y Index not grea.er .ban 350 
finches for a media adapred ,0 satisfy publrshed DLT media specifications. 
With this one specific end application, for example, .he HCA component ,s 
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derated into .he upper layer 20 ,n amounls of 4 - .2 parts by wetgh, more 
pref erab,y 5.75 - 10.35 pans by weigh, even more preferably approbate ly 9.2 
parts by weight, based on 100 par* by wetgh, of the pnmary upper layer powder. 
Of eourse, for other end applications, differing amounts of HCA can be employed. 
5 " The b,ndersy S .em associated with the upper layer 20 can be similarro.be 

b ,„der resin prevtously desenbed with respect ,o .he ,ower layer .8, including the 
HCA binder, me surfactant, and the isocyanate hardener. In one embodtment, A. 
bi „der system of the upper iayer 20 includes a primary po.yure.hane binder and a 
v,„y, chloride binder. The pnmary polyurethane btnder is contained in an amount 
10 of 3 to 20 par* by weigh,, pteferably 4 to 12 parts by wetght, based on 100 pans by 
wetgh. of .he primary magnetic meta, pari.de powder. Further, me preform vtny, 
chloride btnder is contatned in an amount of 5 .o 20 parts by weight, preferably 8 to 
15 pans by weigh, based upon 100 parts by weigh, of the pnmary magneto metal 
particle powder. Where the binder system further includes an HCA btnder, a 
15 surface and isocyanate hardener, one preferred weigh, ratio of ,he resin ,o the 
primaryme,alparticlepowderispreferablyfrom4 : l,o5:l. 

The upper layer 20 preferably further includes a lubnean. such as a My actd 
and/or fatty acid ester. Witt, neference ,o me discusston above relating ,0 the lower 
, ay er 18 lubricants, me fatty acd lubricant component of .he upper layer is, m one 
20 embodiment, of a high puri.y (a. leas. 90* pure). In one embodiment, me lubnean, 
e m p,oyed with ,he upper layer 20 indudes a, leas, 90% pure steanc acd as the fatty 
acid. Alternatively, other known lubricants can be employed that may or may no, 
be high purity. 

,„ one embodtment, .he high puri.y stearic acid ts present in an amoun, from 
25 0 2 ,0 5.0 parts by weigh, based upon .00 parts by wetgh, of the pnmary magnettc 
m etal particle powder, and a fatty acid ester componen, is pteferably present ,n an 
amoun, of 0.5 ,0 2 parts by weigh, more pteferably 0.5 .o 1.5 parts by wetght, per 
100 parts by weigh, of ,he pnmary magnetic me,al particle powder. 
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foral u,ated as a coaring materia, via a so.ven, with this coaring materia, bemg 
coaled onto trie upper layer ,, Witri thia ,n mind, in ooe 

s o,ven« consisring of 5 - 50% CHO, 30 - 90% MEK, and 5 - 40% To,, mom 
preferably 5 - 40* CHO, 40 - 60% MEK, and 5 - 40% To,, ,« bemg understood 
lhat a wide vanety of otrier so.venls ot comb.na.ion solvents am ava„ab,e. 
Processing 

In genera, terms, trie merited for ptodueing the magnetic recording medtnm 
,0 includes preparing an upper ,ayer coaring materia,, a lower .ayer coaring 
mate „a,, and a backcoa, coaring matena, Trie coarings 
s obs„ale 12. with -be backcoat coaring ma.ena. be.ng appried .o a — * 

r,m,e 12, and me upper ,ayer coaring ma.ena, being appl.ed „n.o .be coaled 
L ,ayer coaring materia,. Once dned, the , owe, layer ,8 and tbe upper ayer 20 
Iformed, anddefme.be magnetic ,,„„, coaring 16. In one embodiment, the lower 
^coating matena, and ,he upper layer coaring material are applied P™ sua ""^ 

1 the lower layer coaring materia, wb.le .be lower layer coaring ma.e„a , - 
we , Preferably, a die coariug lech, q ue and*, coalers is employed to con » * ** 
, we,.on-we. process.ng. Alternatively, other known coaling techmques, sucb 
sM e or slot coaring, gravute coaring, etc., can be employed. 

The coaring materia,* of the upper layer, lower ,ayer, and back 
accoldmg ,0 .be present .nvenrion am prepared by dispers.ng the con-espondmg 
^ers or p,gmen,s and the bmders inasolvent. Pot cample, wi.hm S pec,.o e 
, 5 oaring malena, one embodimen, of for the upper layer 20, the pnmaty mela 
atric, powder or p.gmen, and .he ,atge pan.Ce carbon materia, are placed m 

i cblonde binder, and surfacran.) and ,he solven. and pressed for I - houm 



12 



NON-PROVISIONAL PATENT 
1201.158.102 
10354US02 



approximately 30 - 90 minutes, along with additional amounts of the solvent. 
Following this let down processing, the resulting composition is subjected to a sand 
milling or polishtng operation. Subsequently, the HCA and relared btnder 
components (where necessary) are added, and the composition left standrng for 
5 approximately 30 - 90 minutes. Following this let down procedure, the composmon 
is processed through a filtering operation, and then stored in a mixing tank after 
which time the hardener component and lubricants are added. The resulting upper 
layer coating material is then ready for coating. 

Preparation of the lower layer coating material preferably entails a state 
10 process, including high so.tds mixing of rhe primary lower layer pigment, the 
conductive carbon black material, and the binder resins in a solvent for 
approximately 2 - 4 hours. Sirmlar sandmilling and hardener and/or lubnean. 
additions occur as described above with respect to the upper layer 20 coating 
material. 

15 Finally, a preparation of the backcoat coating material preferably entails 

mixing the various components, including a solvent, in a planetary mixer or similar 
device, and then subjecting the dispersion to a sandmilling operation. Subsequently, 
the material is processed through a filtration operation in which the material is 
passed through a number of filters. Hardener and/or lubricant(s) are also added 

20 prior to coating of the dispersion. 

Following preparation, the various coating materials are then applied to the 
substrate 12 with the backcoat being first applied and dried. Once again, the 
preferred coating technique entails a die coating technique and/or coalers that 
applies the lower layer coating material and then the upper layer coating material 

25 prior to drying of the lower layer coating material. The magnetic particles of the 
upper layer are then oriented in the longitudinal direction by a magnetic orientation 
device and the upper and lower layers dried. Subsequently, the resultant web is 
wound and calendered. In one embodiment, the calendered roll is then cut in a 
slitting process to realize a number of narrow magnetically coated tape strands cut 
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,o the des.red width. In addition, the medrn is burnished following or in conjunction 

with slitting. m 

Burnishing is performed in a manner to produce the desired Abrasivuy Index 
of not greater than 350 mrcroinches, alternatively in the range of 150 - 350 
ntaoinches, alternatively not greater than 300 microinches, and thus dependmg 
upon formulation of the upper layer 20, can be in accordance with known 
techniques. To this end, burnishing can be accomplished by scraping, vammg, 
lapping or a combination of different burnishing techniques. Scraping techmques 
typically involve feeding the medium 10 pas, a scraping mechanism to smooth or 
alter the surface of the medium 10. Vaming techniques utilize a rotating cyl.nder 
,„a, rotates in a direction opposite the direction of the incoming medium. The 
rotating cylinder, for example, is typically coated with industrial grade diamonds to 
smooth or alter the surface of the medium as it passes by and contacts the rotatmg 
cylinder. Lapping techniques am mom complicated, but are generally mom 
effective in burnishing the surface of the medium 10. Lapping techniques utthze a 
,apping film that is fed in a direction opposite the direction of the incoming medmm 
10 For example, the lapping film may pass in one direction over a supporting 
structure referred to as a lapping shoe. The medium is passed over the lappmg shoe 
in the opposite drrection. The lapping shoe forces the lapping film into contact wth 
,he surface of the medium as the medium and the lapping film feed pas. one another 
i„ opposite directions. In this manner, the lapping film can be used to effectively 
burnish the surface of the medium. Suitable lapping films, for example, include 
silicon carbide films, aluminum oxrde films, diamond films, or the like. If multiple 
lapping units are used to lap the same strands of tape, vanous different lappmg films 
5 or films having different grit srzes could he used in .he diffemn. lapping units. 
Suitable lapping films such as sil.con carbide films having gn, s.zes of 0.5 nncrons, 
,0 microns, and 3.0 microns are commercially available from 3M Abrasive 
Systems Drvision of Minnesota Mining and Manufacturing Co., of Sam. Paul, 
Minnesota, or USF Surface Preparation, of Maple Grove, Minnesota. Optional 
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-i -u j in tt q Patent Application Publication No. 
lapping techniques are described in U.S. Fatent a PI > 

, , * i * <>nm the teachings of which are incorporated 
2003/0064667, published April 3, 2003, the teacnings 



herem rr: u„— « *. — . - — 

5 Rations and processing technics can va, y and rematn wi,hin ,he scope «* 
pr esen, invention. In P— ,he presen, invention is premtsed upon fcnm 
'magnetic recording medta havmg ,„w ab«iv„ y that produces medta « 
performance .ha, is equivalent .0 competitive magnetic storage tape. To thts en 
Lde S ired Ab rasivi tyI nde X1 sac h ,eved by ac„ mW na t iononhe W a n a m o U n 

10 abrastve ma,eria, (e.g., HCA) in the upper >a y er 20 and dte 

conditions appi.ed to .he medium 10 during assembl, In one embod.men, . e 
mlm in Irdance w,.h .he presen, .nvendou aadsf.es ,he ahove Abrasivit y 
:i P a ra me.ersa„dhasacoerciv i , y o f , 1 ea S U600Oe,aUema.,v ^e, y .n .he rang 
of ,600 - 2500 Oe, a„ema,ive, y a. ,eas. 1900 Oe. M.erna.ivel y , and/or ,n addmon, 
15 the medium is adapted to satisfy ECMA DLT standards. 

Th e following examples and comparative e.ampies further descnhe , e 
agnatic reeling media of .he ptesen, invention, methods of fonmng the 
1U reeord,ng med,a, and the tests performed to determine the vano 
ehlenstics of the teauUan, magnetic tecordtng media. The eaamp.es at 
20 prided for — y purposes ,0 facilitate and undetatand the invention, and 
should not be consttued to limit the invention to the examples: 

EXAMPLES 

T est Methods f . 

25 levity index - an abras.vi.v test method was deveioped us.ng a - 

bar ,„ panicu.ar, a pontine fettite (stngle phase) bar compnsed of 6 % 
22* ZnO, and 11% NiO, havtng a grain-size of 7-8 micrometers and a 
d e„s,t of a, leas, 5.32 gW was provided, .he bar be,n S s q uate tn transverse c», 
section with™ 0.05 mm. A ,eng,h of me magnetic rccordtng medtum (e.g., 1,700 
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fee,) is loaded onto an appmpriate tape handling machine, such as made by 
RecordTech, Inc., of San lose, Cahfomia or an Cart » inch custom tape loader, 
Model T-1718-A available from Otan Corp., of Cauoga Park, Cal.forma. The 
m ag„etic recording medmm is positioned such that the magnetic coating will abrade 
5 agatns, a comer of the fertile bar. To mis end, the ferrite bax is positioned to 
produce a penetration of 0.388 inches relative to .he media pa*. The magnenc 

a, a tension of 5 ounces. The magnetic recording medium is run ■„ a angle 
dire ction across the femre bar, and a total of 1,700 fee, of .he magnetic recording 
,0 medium is ptocessed. The fan* bar is .hen removed from .he tape handhng 
equipment, and a w.dm of the abraded pa.b on .he fetrite bar is measured such as 
with an Olympus MX50 mtcroscope. The width of .he wear pattern is des.gna.ed as 

the "Abrasivity Index". 

Data Reliability Teat - A reasonably demanding test was conducted as a 
15 benchmark for adequate assurance of reliability of .he various examples and 
comparative examples. The test chosen for this pmpose was a data rel.ability les, ,n 
which a data camtdge containing the sample media was written and then mad, and 
written and reread continuously by a drive. While the drive is wnting and readmg 
da ,a, .he write and read error ra.es are recorded. The environmen. in which the 
20 dnve sys,em is operating during the test is cycled through a range of operating 
environments, wh.ch, according ,0 ANSI and ECMA standards, includes a 
.emperature range of .0" - 40° C, a relative humidity range of 20% - 80%, and a 
dew point that dees no. exceed 25° C. The .est momtored both write etror rates 
given as cotrectable errors per megabyte and read error ra.es given as correctable 
25 mors per gigabyte over a 300-hour test period. 
Example 1 

A firs., exemplary dual layer, DLT compatible magnetic recordmg medmrn 
„ accordance with the present invention was prepared according to the following 
formulations: 
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A Up per Layer 

The upper layer formulation of Example 1 consisted of the components and 
amounts described above, tncluding a primary metal panicle, abrasive addtttve (or 
HCA) large particle carbon, surfactant, polyureihane binder, vinyl chloride btnder, 
5 hardener, and lubricant. To .his end, the HCA component, that otherwise has a 
tot effect on a msultan, Abrasivity Index, was in the form of alumtnum oxtde 
from Sumitomo Chemical under the tradename HIT60A, in an amoun, of 8 parts by 
weight based upon 100 parts by weigh, of .he primary metal part.de. 
re Lower Layer 

,0 The lower layer formulation of Example 1 cons,s.ed of .he components and 

amounts descnbed above, inc.uding hematite, conductive carbon, HCA, surfactant, 
polyurethane binder, vinyl ch,onde btnder, hardener and lubricants. To mis end, .he 
HCA componen, was in the form of aluminum oxtde from Sumatomo Chemtca, 
under Ore tradename HTT60A in an amoun. of 5 parts by weight based upon 100 

15 parts by weigh, of the hematite particle. Further, Ore lubricants consisted of stearic 
acid in an amount of 1.0 parts by weight based upon 100 parts by wetght of the 
hemattte particle and butyl stearate in an amoun, of 0.7 parts by weigh, based upon 
100 parts by weight of the hematite particle. 
C Rack Coat 

20 The back coat formulation of Example 1 consisted of the components and amounts 
described above, tndoding a prtmary non-magnetic patticle, btnder, surfactant; and 
abrasive additive (HCA). To this end, the HCA componen, was in ,he form of 
aluminum oxide in an amount of 0.6 parts by weigh, based upon 100 parts by 
weight of the primary non-magnetic particle. 

25 D Processing 

The above-recited formulations were prepared and applied to a PET 
substrate pursuant to a we.-on-we, process. Following calendenng a. 145" F wrth 
2083 pounds per linear inch ("pli") and slitting processing, the so-formed front coat 
was subjected to a burnishing operation consisting of .wo lapping stations, the firs, 
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of wn.ch employed a 0.5 mieron stlicon earbide fdm and the second hav,„g a 3.0 
roicron silicon earbide film. The resultant magnetic recording tape was formatted to 
be DLT compatible and was designated as ■•8143-208" (hereinafter referred .0 as 

"Example 1"). 
5 Example 2 

A second, exemplary dual layer DLT compatible magnetic recordmg 
medium in accordance with the present invention was formed using upper layer and 
lower layer formulations and processing conditions virtually identical to those 
described above with respect to Example 1 was produced and designated as "8255 

10 (hereinafter referred to as "Example 2"). The only differences were that with 
Example 2, the lower layer formulation included 2.5 parts by weight of steanc add 
and 1 0 parts by weight of butyl stearate, based on 100 parts by weight of the 
hematite particle; the back coat formulation did not include an HCA component; 
and processing conditions included calendering at 180° F with 1662 ph. 

15 Example 3 

A third, exemplary dual layer DLT compatible magnetic recording medium 
in accordance with the present invention was formed using the identical upper layer 
and lower layer formulations and processing conditions as described above in 
Example 2, and designated as "8279" (hereinafter referred to as "Example 3"). 

20 Comparativ e Example 1 

A first comparative dual layer DLT compatible nragnettc recording medtum 
was prepared uttlizing the same upper and lower layer formu.ations as set forth 
above with respect to Example 1. Processing of the formed medium was also 
virtually identical to Example 1, except that different burnishing conditions were 
25 employed. More particularly, burnishing consisted of two lapping stations, each of 
wh.ch employed a 0.5 micron silicon earbtde lapptng film. The resultant medtum 
was designated as "8143-108- (hereinafter referred to as "Comparative Example 



1"). 
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10 



Com parative Example 2 

Multiple samples of an available, DLT-accepted magnetic storage tape 
medium (as part of an off-the-shelf data storage tape cartridge) were obtained and 
tested as follows (hereinafter referred to as "Comparative Example 2"). 

Test Results 

A. Abrasivitv 

The Abrasivity Index for eaeh of .he Examples and Comparative Examples 
was deterrruned as set forth above. The results of the Abrasivrty Index testing are 
provided in Table 1 . 
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Media 


Abrasivity Index (microniches) 


Example 1 


330 


Examples 2 and 3 (combined average) 


260 


Comparative Example 1 


1310 


. 449 

Comparative Example 2 | 

■ ■ " rri 1 l , 1 



g r ... Reliabijia Compariso n of l o w Abrasivitv Media and Hi; 
^f^error data reliability of the low abrasiv.ty media of the 
present invention (Example 1) was eompared with that of high abrasivity med.a 
(Comparative Example 1). In partreular, four data storage tape eartridges were 
prepared nsing the media of Example 1 and four additioua. data storage rape 
eartndges were prepared using the media of Comparative Example 1. Eaeh of .he 
eigh. sample cartridges was .hen operated in aecordanee with the Data Reliabih.y 
Test deseribed above. Cumulative wn.e errors for the four high abrasivity medta 
samp,e cartndges (Comparative Example 1) are provrded in FIG. 2A, whereaa .he 
write error Da.a Reliability Test results for .he low abrasivity aample earmdges 
(Example 1) are provided in the plot of FIG. 2B. Similarly, the read error Data 
Reliability Test results for the high abras.vi.y media samples (Comparative Example 
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1) are provided in the plo, of FIG. 3A. whereas the read em>r Data Reliability Tes, 
results for the low abrasivity samples (Example 1) are shown .n FtG. 3B. A 
eomparison of FIGS. 2A and 2B. as well as 3A and 3B at the point for whreh 
max.mum .est data extsts in both data sets (130 hours), reveals no sign.ftcant 
5 difference in either write or read error rates was found. 

r r , t1 „^u. y ComMrison of Low AbrasjvjiyJSIXMed^^ 

^SfTow abrasivity media of .he present invention in a DLT 
forma, (Examples 2 and 3) was compared with DLT-accep«ed media (ComparaUve 
10 Example 2). In particular, srxteen data storage cartridges were prepared us.ng the 
ruedia of Examples 2 and 3 (hereinafter referred to as "Example 2. 3 .est cartndges 
and six.een data s.orage tape cartridge having Comparative Example 2 medta were 
obtained (heretnafter referred to as "Comparative Example 2 .eat cartrrdges"). The 
data s.orage ,ape .est cartridges were cycled for 300 hours utilizing the Data 
15 Reliability Tes. parameters described above, and read and write errors tabulated. 
The write error rales for a combination of Example 2, 3 test cartridges is provded m 
HG 4A whereas the distribution of error rates for Comparative Example 2 test 
cartridges is provided in FIG. 4B. Similarly, .he distribution of read error rates for 
,„e combined Examples 2, 3 les, cartridges is provided in FIG. 5A, whereas the 
20 dts.ribu.ion of read error rales for the Comparative Example 2 lest cartridges ts 

provided in FIG. 5B. 

Logarilhmtc transformation was utilized to normalize the skewed error rale 
data ,0 enable norma! analysis of variability in al. error rate dis.nbu.ion, In 
particular. FIGS. 6A and 6B plot a logartlhmic transform to the dislnbution of wrtte 
25 etror rale data for the combtned Example 2, 3 test cartridges (FIG. 5A) and .be 
Comparative Example 2 test cartridges (FIG. 5B), respectively. Additionally, FIGS. 
7A and 7B plot .he logarilhmic transfotm ,0 the dts.nbu.ion of read error rate dab. 
for the combined Examples 2, 3 test cartridges and the Comparative Example 2 .est 
cartridges. The quantile plots of FIGS. 8A and SB illustrate uniformity of ft. across 



20 



NON-PROVISIONAL PATENT 
1201.158.102 
10354US02 



the fu„ dara range for me wn,e error ra.es for «h= coined Example 2^3 ^est 
cart „dges and the Compararive Example 2 resr camidges, respecrwely. Wart . 
FIGS 9A and 9B provide quanrile p.o B showing unifonniry of ft across the full 
dat a range for read error information for ,he commned Exampie 2, 3 « 
and the Compararive Example 2 cartndges, respectively. As se, forTh m Tab* 
,„w, goodness-of-frrs srarisncs (pu.uaul ,0 rhe Snaprro-Wrlx W Tea,) canton, 

, ow plbimies ,ha, .he unifomury of «. conclns.ons described above are due .0 

random chance. 
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WExampie 2, 3 Wri te) 



^UiAqill^*^ ~? - ■ - £ - 

log rrnmparative Example 2 Write) 



0.966972 



0.6500 




0.7576 
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Table 2 



Us,ng .he loganmmic .ransfonrred da.a (.ha. normalizes .he dis.nbu.ions). 
lhe error d,srnbubon for .he Comparauve Example 2 res. cartridges is prov,ded .n 
Table 3 below. 



Comparative Example 2 Error Distribution 

" ~" I r> c.o 




Average (log errors) 



Standard Deviation 
("•S.D.")" (log errors) 



Table 3 



The error dis,ribu,ion for .he Exampie 2, 3 res. cartndges is provided in Table 4 
20 below. 



21 



NON-PROVISIONAL PATENT 
1201.158.102 
10354US02 



Example 2, 3 Error Distribution Parameters 

Write Errors 




In light of the above, and in particular a atactica, comparison of Tables 3 and 4, the 
5 performance capability (in terms of likehhood of errors) of Example 2, 3 test 
cartndges is statistically equivalent with the performance capabilities of the 
Comparative Example 2 test cartridges. 

Finally, any hart errors that occur during testing of the Example 2, 3 test 
eartridges and the Comparative Example 3 test cartndges was noted. No hard errors 
,0 occurred dunng testing of the sixteen Example 2 and 3 sample cartndges. whereas 
four of the sixteen Comparative Example 2 sample cartridges (25%) experienced 
hard errors. A hard error was noted whenever a non-correctrble error occurred. 

Based on the above analysts, the Example 2, 3 test cartridges, and thus the 
m edia of Examples 2 and 3, performed equally as well as the Compare Example 
,5 2 test cartridges, and thus the medra of Comparative Example 2, in terms of data 
reliability. 

Although .he present invention has been described with reference to 
preferred embodiments, workers skilled in the art will recognize that changes can be 
m ade in form and derail without departing from the spirit and scope of the present 
20 invention. 
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